INTRODUCTION {#sec1-1}
============

The inferior epigastric artery (IEA) is a major blood vessel that supplies the anterior abdominal wall. It arises from the external iliac artery, proximal to the inguinal ligament. Soon thereafter it ascends on the anterior abdominal wall medial to the deep inguinal ring.\[[@ref1]\] After piercing the transversalis fascia, the IEA enters the rectus sheath ascending posterior to the rectus abdominis muscle. In the lower abdomen, the IEA raises a fold of parietal peritoneum called the lateral umbilical ligament. Injury to the IEA has been reported following lower abdominal wall surgical incisions, abdominal peritoneocentesis and trocar placements at laparoscopic port sites resulting in the formation of abdominal wall haematomas that may expand considerably due to lack of tissue resistance. Trocar insertion has been reported to rarely cause injury to major blood vessels such as the inferior vena cava, aorta and iliac vessels. Recent studies have shown that the rate of injury to the major blood vessels mentioned above is 0.02-0.04%\[[@ref2]\] and 0.01-0.07%\[[@ref3]\], respectively. These injuries result in considerable morbidity and mortality, requiring immediate surgical repair. Trauma to the IEA is more common and reported in about 0.2-2% of laparoscopic procedures.\[[@ref4]\] The aim of this study was to localise the course of IEA in relation to standard reproducible anatomic landmarks and suggest safe areas for the performance of invasive procedures such as placement of trocars in laparoscopy. Understanding the course of IEA would also help in minimising the likelihood of injury.\[[@ref5]\]

MATERIALS AND METHODS {#sec1-2}
=====================

The study was done after obtaining formal permission from the Institutional Review Board. The course and branching pattern of 60 IEAs of 30 adult cadavers (male = 19; female = 11) were studied. The anterior abdominal wall was incised bilaterally along the costal margin, from the xiphoid process up to the anterior axillary line. The incision was further extended inferiorly medial to the anterior superior iliac spine (ASIS). The entire anterior abdominal wall was reflected forwards as a flap. The parietal peritoneum and posterior wall of rectus sheath was reflected to expose the course and branches of IEA. Yellow-coloured pins were inserted through the anterior abdominal wall along the course of the IEA, and pink-coloured pins inserted along the lateral border of rectus abdominis muscle (LRA). The abdominal wall was then reverted to its normal anatomical position \[[Figure 1](#F1){ref-type="fig"}\]. The following parameters were measured:

![Anterior abdominal wall with yellow pins inserted along the course of the IEA and pink pins along the LRA](JMAS-13-18-g001){#F1}

Distance from midline to LRA at the level of mid-inguinal point (A), ASIS (B) and umbilicus (C) \[[Figure 2](#F2){ref-type="fig"}\].Distance from midline to IEA at the level of mid-inguinal point (D), ASIS (E) and umbilicus (F) \[[Figure 3](#F3){ref-type="fig"}\].Distance from midline to a sagittal plane through ASIS (G).The distance from midline to IEA and that from midline to LRA at the three levels, were divided by the distance from midline to ASIS and expressed as a ratio, to correct for variable body build.The larger branches of the IEA (approx. size \>1 mm) were noted and their course traced.

![Course of the IEA, and the mean distance from midline to IEA at the three levels](JMAS-13-18-g002){#F2}

![Rectus abdominis muscle, and the mean distance from midline to LRA at the three levels](JMAS-13-18-g003){#F3}

All data were entered into Excel workbook sheets (Microsoft Office Excel; version 2007, Microsoft^®^ Corporation, Washington, USA) and analysed using SPSS (version 16.0, SPSS Inc., Chicago, IL, USA). The measured parameters and ratios were summarised as mean and standard deviation (SD). The Mann--Whitney test was used to compare mean values between the sexes. The independent sample t test was used to compare mean values between the left and right sides. Bivariate correlation was done between various sets of variables and Pearson\'s correlation coefficient obtained to identify any correlation, if present.

RESULTS {#sec1-3}
=======

In 28% of cases, the IEA ended below the level of umbilicus. Of the remaining 72%, the IEA coursed upwards and medially in 44%, and upwards and slightly laterally in 56%. The mean distances from midline to IEA at the three levels are shown in [Table 1](#T1){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}. The mean distance from midline to IEA at the level of mid-inguinal point (D) was 4.45 ± 1.42 cm (range = 1.2-8.6 cm; female = 4.70 cm, male = 4.37 cm; *P* = 0.50). The mean distance from midline to IEA at the level of ASIS (E) was 4.10 ± 1.15 cm (range = 1.4-6.9 cm; female = 4.25 cm, male = 4.0 cm; *P* = 0.36). The mean distance from midline to IEA at the level of umbilicus (F) was 4.49 ± 1.15 cm (range = 1.1-7.0 cm; female = 4.35 cm, male = 4.63; *P* = 0.72). There is no significant difference between the positions of IEA between the sides or the sexes \[[Table 1](#T1){ref-type="table"}\].

###### 

Mean distance from midline to IEA at the three levels in the total group and in the sexes

![](JMAS-13-18-g004)

The mean distance from midline to LRA at the three levels is shown in [Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}. The mean distance from midline to LRA at the level of mid-inguinal point (A) was 5.32 cm (female = 5.35 cm, male = 5.31 cm; *P* = 0.93). The mean distance from midline to LRA at the level of ASIS (B) was 5.95 cm (female = 5.83 cm, male = 6.02 cm; *P* = 0.68). The mean distance from midline to LRA at the level of umbilicus (C) was 6.68 cm (female = 6.44 cm, male = 6.82 cm; *P* = 0.29).

###### 

Mean distance from midline to LRA at three levels in the total group and in the sexes

![](JMAS-13-18-g005)

Larger branches of the IEA (size \>1 mm) were studied. There was an average of 3.3 branches per IEA. More branches arose from its lateral aspect (1.9 branches per IEA) than its medial side (1.4 branches/per IEA). The supra-umbilical portion of IEA gave very few branches from its lateral aspect and almost no branch from its medial aspect. All lateral branches were contained within the rectus sheath. In 20% of cases, a large medial branch ran parallel to the IEA. In 10% of cases, these medial branches crossed the midline. The main trunk of IEA entered the rectus sheath below the level of ASIS \[[Figure 3](#F3){ref-type="fig"}\].

To correct for variable body build, ratios were calculated by dividing the measured parameters D, E, F by the distance from midline to ASIS (G) \[[Table 3](#T3){ref-type="table"}\]. Correlation analysis was done between the ratios D/G, E/G, F/G and the distance of IEA from the midline at the three levels. There was significant positive correlation between them. As the ratios D/G, E/G and F/G increased, there was a linear increase in the distance from midline to IEA at the three levels. The IEA was situated within one-third (32%) of the distance between midline and the sagittal plane through ASIS at all three levels \[[Table 3](#T3){ref-type="table"}\]. The LRA, however, moved from one-third of the distance between midline and the sagittal plane at ASIS at the level of mid-inguinal point, to about half (48%) of it at the level of umbilicus \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of ratios between male and female cadavers
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DISCUSSION {#sec1-4}
==========

Very few studies have shown the course and position of IEA with relevance to invasive procedures of the anterior abdominal wall. No studies have been done in the Indian context. We had done a similar study on the course of IEA in 50 computed tomography (CT) angiograms and found that the mean distance of the IEA from the midline was 5.17 ± 0.93 cm at the level of mid-inguinal point, 4.57 ± 1.05 cm at the level of ASIS and 5.27 ± 1.17 cm at the level of umbilicus. There was a definitive predictive pattern in the course of the artery as seen in correlation and regression analysis.\[[@ref6]\] Epstein *et al*. in their study of 30 cadavers (18 female and 12 male) found that the IEA ran vertically throughout its course in the anterior abdominal wall.\[[@ref7]\] In our study, the IEA terminated below the level of umbilicus in 28% of cases. In the remaining 72%, the IEA coursed upwards and slightly medially in 44%, and upwards and slightly laterally in 56%. Rahn *et al*. in their study of 11 cadavers found the IEA was 3.7 cm (range = 2.6-5.5 cm) from the midline at the level of ASIS,\[[@ref8]\] whereas in our study, the IEA was found 4.10 cm (range = 1.4-6.9 cm) from the midline. The difference could be attributed to racial variation in body build. We found an average of 3.3 branches per IEA. Heitmann *et al*. similarly described 1-2 branches per IEA, which were over 1 mm in diameter.\[[@ref9]\] Hoeing *et al*. described 3-6 branches per IEA, but the author studied branches even less than 1 mm in diameter.\[[@ref10]\] We found a large medial branch that ran parallel to the main trunk of IEA in 20% of cases. Studies done by Epstein *et al*. and Milloy *et al*. also showed a similar large medial branch in 29% and 14% of cases, respectively.\[[@ref7][@ref11]\]

CONCLUSION {#sec1-5}
==========

In conclusion, we suggest safe areas for performance of invasive abdominal procedures based on our study. To avoid injury to the IEA, trocars can be safely inserted at 5.5 cm (mean + 1 SD) away from the midline (or) more than one-third of the distance between the midline and a sagittal plane through ASIS \[[Figure 2](#F2){ref-type="fig"}\]. These findings may be useful not only for laparoscopic procedures but also for image-guided biopsy, abdominal paracentesis, and placement of abdominal drains.
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